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AMENDMENTS TO THE CLAIMS 

1-2. (canceled) 

3. (currently amended) A computer implemented method of determining 
aggressor-induced delay change in a victim net of a stage of an integrated circuit design, 
the stage including a victim net driver gate, a receiver gate and an interconnect network 
including a victim net and an aggressor net, comprising: 

providing an input and output voltage dependent current model of the victim net a driver 
gate of th e victim net ; 

producing a model of a load presented to an output of the driver gate by the interconnect 
network: 

producing a model of the an interconnect network of the stage, which can be used to 
propagate a waveform from an output of the driver gate mod e l to an input of the a victim 
fiet receiver gate : 

simulating behavior of the victim net during det e rminin g-nominal (noiseless) transition 
by performing steps including , d e lay in th e stag e by det e rmining d e lay associated with 
th e st e ps of, 

providing a signal transition at an input of to the driver gate mod e l ; 

using the current model of the driver gate and the load model of the interconnect network 
to produce a nominal driver gate output waveform resulting from the provided input 
signal transition: 

using the interconnect model to propagate the nominal a driver gate mod e l output 
waveform , r e sulting from th e provid e d signal transition, from the driver gate mod e l 
output to the receiver gate input; 

simulating behavior of the victim net during det e rmining n oisy transition by performing 
steps including , d e lay in the victim n e t by d e t e rmining delay in th e stag e by d e t e rminin g 
delay associated with th e steps of, 

providing a signal transition at an input of the te driver gate mod e l ; 
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providing an at l e ast one aggressor-induced current waveform to an output of the driver 
gate fHodet: 

using the current model of the driver gate and the load model of the interconnect network 
to produce a noisy driver gate output waveform resulting from the provided input signal 
transition and the aggressor-induced current waveform: 

using the interconnect model to propagate the noisy a driver pate model output 
waveform , r e sulting from the provided signal transition and from th e at l e ast on e 
aggressor induc e d curr e nt wav e form, from the driver gate mod e l output to the receiver 
gate input; 

providing an at l e ast on e aggressor-induced voltage waveform to an input of the receiver 
gate; and 

producing a value representing a difference between delay associated with the simulated 
noiseless transition and delay associated with the simulated noisy transition , det e rmining 
a diff e r e nc e betw ee n th e nominal d e lay and noisy delay. 

4. (original) The method of claim 3, 

wherein the output current-dependent model of a driver of the victim net includes a Vi Vo 
model. 

5. (currently amended) The method of claim 3, 

wherein the output current-dependent model of a driver of the victim net includes a ViVo 
model; and 

wherein the load int e rconn e ct model includes a Il-load model . 

6. (previously amended) The method of claim 3 further including. 

providing an input and output voltage dependent current model of the receiver gate: 

wherein simulating behavior of the victim net during det e rminin g nominal transition 
d e lay fiirther includes using at least the receiver gate current model to produce a nominal 
receiver gate output waveform resulting from the propagated nominal driver gate 

sf-2249231 v2 



Application No.: 10/735,123 4 Docket No.: 188122000400 

propagating th e propagated driv e r mod e l output waveform to an output of the r e c e iv e r ; 
and 

wherein simulating behavior of the victim net during d e termining noisy transition delay 
in the stag e further includes using at least the receiver gate current model to produce a 
noisy receiver gate output waveform resulting from the propagated noisy driver gate 
propagating th e propagated drivor output waveform and the at least one aggressor- 
induced voltage waveform provided to the receiver model input and th e provided at l e ast 
on e aggressor induc e d wav e form to an output of th e rec e iv e r . 

7-12. (canceled) 

13. (currently amended) An article of manufacture including a computer readable 
niedium encoded with an information structure representing A mod e l of a driver gate 
circui t, the information structure comprising: 

a current model that associates instantaneous values of input node voltage, output node 
voltage and output node current of the driver gate circuit; 

a model of capacitance between an input node and an output node of the driver gate 
circuit; and 

a model of capacitance between the output node of the driver gate circuit and a ground 
potential. 

14. (currently amended) The article of manufacture mod e l of claim 13 wherein, 

the driver gate circuit current model includes a model of at least one channel connected 
component of the driver gate circuit. 

15. (currently amended) The article of manufacture mod e l of claim 13 wherein, 

the driver gate circuit current model includes a model of a last chaimel connected 
component of the driver gate circuit. 

16. (currently amended) The article of manufacture mod e l of claim 13 wherein, 

the driver gate, circuit current model includes only a model of a last chaimel connected 
component of the driver gate circuit. 



sf-2249231 v2 



Application No.: 10/735,123 5 Docket No.: 188122000400 

17. (currently amended) The article of manufacture mod e l of claim 13, further 
including: 

information concerning slew rate on the input node of the at least one component 
characterized as a function of slew rate on at least one input node of the driver gate. 

18. (currently amended) The article of manufacture mod e l of claim 13, 

wherein the driver gate circuit current model includes only a model of a last channel 
connected component of the driver gate circuit; and further including: 

information concerning slew rate on the input node of the at least one component 
characterized as a function of slew rate on at least one input node of the driver gate. 

19. (currently amended) An article of manufacture including a computer readable 
medium encoded with an information structure representing A mod e l of a driver gate 
circui t, the information structure comprising: 

a current model that associates instantaneous values of driver gate circuit input node 
voltage, driver gate circuit output node vohage and driver gate circuit output node 
current; 

a model of miller capacitance of the output node of the driver gate circuit; and 
a model of ground capacitance of the output node of the driver gate circuit. 

20. (currently amended) The article of manufacture aedeJ-of claim 19 further 
including: 

information concerning slew rate on the input node of the at least one component 
characterized as a function of slew rate on at least one input node of the driver gate. - 

21. (currently amended) An article of manufacture including a computer readable 
medium encoded with computer instructions for performing a A circuit simulation 
process to produce a curr e nt mod e l of a gate circuit comprising the steps of : 

for each of a plurality of different pairs of first and second DC voltage values, 

sensitizing an input node of a cell model of the driver gate circuit with a first DC voltage 
value; and 
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sensitizing an output node of the cell model with a second DC voltage value; and 

generating a value of current drawn by the output node of the cell model based upon the 
provided first DC voltage value and the provided second DC voltage value. 

22. (currently amended) The article of manufacture m e thod of claim 2 1 , the process 
further including: 

producing a table representing respective associations among respective pairs of first DC 
voltage values and second DC voltage values and respective current values generated 
based upon such respective pairs. 

23. (currently amended) The article of manufacture m e thod of claim 21 wherein, 
each respective first DC value includes a constant DC value; and 

each respective second DC value includes a constant DC value. 

24. (currently amended) The article of manufacture method of claim 21 wherein, 

the driver gate circuit model includes a model of at least one channel connected 
component of the driver gat© circuit. 

25. (currently amended) The article of manufacture method of claim 21 wherein, 

the driver gate circuit model includes a model of a last channel connected component of 
the driver gate. 

26. (currently amended) The article of manufacture method of claim 21 wherein, 

the driver gate circuit model includes only a model of a last channel connected 
component of the driver gate. 

27. (currently amended) The article of manufacture m e thod of claim 2 1 , the process 
further including: 

producing a model of capacitance between the input node of the and the output node of 
the driver gate circuit; and 

producing a model of capacitance between the output node of the driver gat© circuit and a 
ground potential. 
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28. (currently amended) The article of manufacture m e thod of claim 2 1 , the process 
further including: 

determining capacitance between the input node and the output node of the driver gate 
circuit through transient analysis; and 

determining capacitance between the output node the driver gate circuit and a ground 
potential through transient analysis, 

29. (currently amended) The article of manufacture m e thod of claim 2L[[3 1 ]], the 
process further including: 

determining a slew rate on an input node of the cell model of the driver gate circuit 
characterized as a function of slew rate on an input node of the cell model of the driver 
gate circuit. 

30. (currently amended) The article of manufacture m e thod of claim 21_[[3 1 ]], 

wherein the driver gate circuit model includes only a model of a last channel connected 
component of the driver gate; further including: 

determining a slew rate on an input node of the cell model characterized as a function of 
slew rate on an input node of the cell model of the driver gate circuit. 

3 1 . (currently amended) An article of manufacture including a computer readable 
medium encoded with a data structur e r e pr e s e nting a current model of a driver gate 
circuit, the current model data structure associating input voltage values, output voltage 
values and current values, the current model data structur e produced by a process 
including the steps of: 

for each of a plurality of different pairs of first and second DC voltage values, 

sensitizing an input node of a cell model representing the driver gate circuit with a first 
DC voltage value; and 

sensitizing an output node of the cell model with a second DC voltage value; and 

generating a value of current drawn by the output node of the cell model based upon the 
provided first DC voltage value and the provided second DC voltage value. 
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32. (previously presented) The article of claim 3 1 wherein the process further 
includes the step of: 

producing a table representing the respective associations among first DC voltage values, 
second DC voltage values and current values. 

33. (previously presented) The article of claim 3 1 wherein, 
each respective first DC value includes a constant DC value; and 
each respective second DC value includes a constant DC value. 

34. (currently amended) An article of manufacture including a computer readable 
medium encoded with instructions for performing a A method of simulating 
aggressor-induced behavior of a driver gate circuit and an intercormect network driven by 
the driver gate circuit, the method comprising: 

providing a voltage signal transition on an input of a current model representing the 
driver gate circuit, the current model associating instantaneous values of input voltage, 
output voltage and output current of the driver gate circuit; 

providing an aggressor induced current waveform on a node interconnecting an output of 
the current model and a load model representing the interconnect network, the load model 
approximating output point admittance of the intercormect network; and 

using the current model and the load model to produce a voltage waveform on the output 
of the current model based upon the received input voltage signal transition and the 
received aggressor induced waveform. 

35. (currently amended) The article of manufacture m e thod of claim 34, 

wherein the current model includes a model of capacitance associated with the driver 
circuit of the at least on e compon e nt . 

36. (currently amended) The article of manufacture m ethod of claim 34, 

wherein the current model includes a model of miller capacitance associated with the 
driver circuit of the at l e ast on e compon e nt ; and 



sf-224923l v2 



Application No.: 10/735,123 9 Docket No.: 188122000400 

wherein the current model includes a model of ground gate capacitance associated with 
the driver circuit of th e at l e ast on e compon e nt . 

37. (currently amended) The article of manufacture m efeed of claim 34 wherein, 
the load model includes a Il-model. 

38. (currently amended) The article of manufacture m e thod of claim 34 wherein, 
the at least one component comprises a channel connected component. 

39. (currently amended) The article of manufacture m e thod of claim 34 wherein, 
the current model includes a model of a last chaimel connected component of the driver 

40. (currently amended) A computer implemented method of determining simulating 
aggressor-induced delay change in a victim net in an integrated circuit design, the victim 
net including a driver circuit , a r e c e iv e r circuit and an interconnect network between the 
driver circuit and a_the receiver circuit, the method comprising: 

simulating behavior of the victim net during d e t e rmining n ominal (noiseless) transition 
by performing steps including, d e lay in th e victim n e t bv d e t e rmining d e lay associat e d 
with a signal propagation proc e ss comprising, 

providing a voltage signal transition on an input of a curr e nt mod e l of the driver circuit; 

using a driver circuit current model and in which a node intercorm e cts an output of th e 
current mod e l and a load model r e pr e senting th e int e rconn e ct n e twork, th e load mod e l 
approximating output point admittance of the interconnect network presented to an output 
of the driver circuit, to produce a nominal driver circuit output voltage waveform 
resulting from the provided transition signal ; and 

using a computational model of the interconnect network to propagate the nominal driver 
circuit output a voltage waveform to an input of a mod e l of the receiver circuit m 
r e spons e to th e current mod e l nominal output voltag e waveform ; 
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simulating behavior of the victim net during d ete Hnining noisy transition bv performing 
steps including, d e lay in th e victim n e t by d e termining d e lay associat e d with a signal 
propagation process comprising, 

providing a voltage signal transition on the input of the curr e nt mod e l of driver circuit; 

providing an aggressor induced current waveform to the output node of the driver circuit 
current mod e l; 

using the driver circuit current model and t hat int e rconnects th e output of th e curr e nt 
mod e l and the load model that int e rconn e cts th e output of the curr e nt mod e l and th e load 

mod e l repr e s e nting th e int e rconn e ct n e twork, go as to produce a curr e nt model noisy 
driver circuit output voltage waveform resulting from the provided transition signal and 
the aggressor-induced current waveform ; and 

using the computational model of the interconnect network to propagate the noisy a 
output voltage waveform to an input of a mod e l of the receiver circuit in r e spons e to th e 
curr e nt mod e l noisy output voltag e waveform ; and 

producing a value representing a difference between delay associated with the simulated 
noiseless transition and delay associated with the simulated noisy transition. d e t e rmining a 
differ e nce b e tw e en th e nominal d e lay and noisy d e lay. 

41 . (previously presented) The method of claim 40, 

wherein the current model includes a model of capacitance of the driver circuit. 

42. (previously presented) The method of claim 40, 

wherein the current model includes a model of miller capacitance of the driver circuit; 
and 

wherein the current model includes a model of gate capacitance of the driver circuit. 

43. (previously presented) The method of claim 40 wherein, 
the load model includes a Il-model. 

44. (previously presented) The method of claim 40 wherein. 
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the current model includes a model of a last channel connected component of the driver 
circuit. 

45. (previously presented) The method of claim 40 wherein, 

the computational model of the interconnect network includes one or more transfer 
functions that relate a signal on a driver circuit output node to a signal on a receiver 
circuit input node. 

46. (previously presented) The method of claim 40 wherein, 
the model of the receiver includes a current model. 

48. (currently amended) The method of claim 40 wherein, 

the driver circuit current model associates instantaneous values of input node voltage, 
output node voltage and output node current of the driver gate circuit. 

49. (currently amended) The method of claim 40 wherein, 

the driver circuit current model associates instantaneous values of input node voltage, 
output node voltage and output node current of the driver gate circuit; and 

the driver circuit current model includes a model of capacitance between an input node 
and an output node of the driver gate circuit; and 

the driver circuit current model includes a model of capacitance between the output node 
of the driver gate circuit and a ground potential. 

50. (new) The method of claim 3, 

wherein simulating behavior of the victim net during nominal (noiseless) transition 
further includes, 

using a current model of the receiver gate to produce a receiver gate output waveform 
resulting from the propagated nominal driver gate output waveform; and 

wherein simulating behavior of the victim net during noisy transition further includes, 
using the current model of the receiver gate to produce a receiver gate output waveform 
resulting from the propagated noisy driver gate output waveform and the 
aggressor-induced voltage waveform to an input of the receiver gate. 
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5 1 . (new) The method of claim 3 further including: 

precomputing the current waveform through a driver gate pin induced by a transitioning 
aggressor net to produce the aggressor-induced current waveform; and 

precomputing the voltage waveform at a receiver pin induced by the transitioning 
aggressor net to produce the aggressor-induced voltage waveform. 

52. (new) The method of claim 3, 

wherein providing a model of the interconnect network includes providing a 
computational model that includes a transfer function that includes an admittance matrix 
that relates voltage on one port of the matrix to current on another port of the matrix; 

using the computational model to compute the aggressor-induced current waveform; and 

using the computational model to compute the aggressor-induced voltage waveform. 

53. (new) The method of claim 3, 

wherein the load model approximates output point admittance of the interconnect 
network. 

54. (new) The method of claim 3, 

wherein the model of the load represents a H-load model and further includes a model of 
capacitance of the driver gate output pin. 

55. (new) The method of claim 40, 

wherein simulating behavior of the victim net during nominal transition further includes, 

using a receiver circuit current model of the receiver circuit to produce a receiver circuit 
nominal output waveform, resulting from the propagated nominal output voltage 
waveform; and 

wherein simulating behavior of the victim net during noisy transition further includes, 

using the receiver circuit current model to produce a receiver circuit noisy output 
waveform, resulting from the propagated noisy output voltage waveform. 

56. (new) The method of claim 40, 
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wherein simulating behavior of the victim net during nominal transition further includes, 

using a receiver circuit current model of the receiver circuit to produce a receiver circuit 
nominal output waveform, resulting from the propagated nominal output voltage 
waveform; and 

wherein simulating behavior of the victim net during noisy transition further includes, 

providing an aggressor-induced voltage waveform at an input of the receiver circuit; and 

using the receiver circuit current model to produce a receiver circuit noisy output 
waveform, resulting from the propagated noisy output voltage waveform and the 
aggressor-induced voltage waveform at an input of the receiver ciruit. 

57. (new) An article of manufacture including a computer readable medium encoded 
with instructions for performing a method of determining aggressor-induced delay 
change in a victim net of a stage of an integrated circuit design, the stage including a 
victim net driver gate, a receiver gate and an interconnect network including a victim net 
and an aggressor net, the method comprising: 

simulating behavior of the victim net during nominal (noiseless) transition by performing 
steps including, 

providing a signal transition to an input of the driver gate; 

using a current model of the driver gate and a load model of the interconnect network to 
produce a nominal driver gate output waveform resulting from the provided input signal 
transition; 

using a model of the interconnect network to propagate the nominal driver gate output 
waveform from the driver gate output to the receiver gate input; 

simulating behavior of the victim net during noisy transition by performing steps 
including, 

providing a signal transition at the input of the driver gate; 

providing at least one aggressor-induced current waveform to an output of the driver 
gate; 
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using the current model of the driver gate and the load model of the interconnect network 
to produce a noisy driver gate output waveform resulting from the provided input signal 
transition and the at least one aggressor-induced current waveform provided to the driver 
gate output; 

using the interconnect model to propagate the noisy driver gate output waveform from 

the driver gate output to the receiver gate input; 

providing at least one aggressor-induced voltage waveform to an input of the receiver 
gate; and 

producing a value representing a difference between delay associated with the simulated 
noiseless transition and delay associated with the simulated noisy transition. 

58. (new) The article of claim 57, wherein the method further including: 

providing as the current model, an input and output voltage dependent current model of 
the driver gate; 

producing as the load model, a model of a load presented to an output of the driver gate 
by the interconnect network; and 

producing as the model of the interconnect network, a computational model of the 
interconnect network that includes one or more transfer functions that relate a signal on a 
driver gate output node to a signal on a receiver gate input node. 

59. (new) The article of claim 57, 

wherein simulating behavior of the victim net during nominal (noiseless) transition 
further includes, 

using a current model of the receiver gate to produce a receiver gate output waveform 
resulting from the propagated nominal driver gate output waveform; and 

wherein simulating behavior of the victim net during noisy transition further includes, 

using the current model of the receiver gate to produce a receiver gate output waveform 
resulting from the propagated noisy driver gate output waveform. 

60. (new) The article of claim 57, 
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wherein simulating behavior of the victim net during nominal (noiseless) transition 
further includes, 

using a current model of the receiver gate to produce a receiver gate output waveform 
resulting from the propagated nominal driver gate output waveform; and 

wherein simulating behavior of the victim net during noisy transition further includes, 

providing an aggressor-induced voltage waveform at an input of the receiver gate; and 

using the current model of the receiver gate to produce a receiver gate output waveform 
resulting from the propagated noisy driver gate output waveform and the aggressor- 
induced voltage waveform at an input of the receiver gate. 

61 . (new) An article of manufacture including a computer readable medium encoded 
with instructions for performing a method of determining aggressor-induced delay 
change in a victim net of a stage of an integrated circuit design, the stage including a 
victim net driver gate, a receiver gate and an interconnect network including the victim 
net and an aggressor net,, the method comprising: 

simulating behavior of the victim net during nominal (noiseless) transition by performing 
steps including, 

providing a voltage signal transition on an input of a the driver gate; 

using a current model of the driver gate and a load model representing the interconnect 
network, the load model approximating output point admittance of the interconnect 
network, to produce a nominal driver gate output voltage waveform in response to the 
input voltage transition; and 

using a computational model of the interconnect network to propagate the nominal driver 
gate output voltage waveform to an input of the receiver gate; 

simulating behavior of the victim net during noisy transition by performing steps 
including, 

providing a voltage signal transition to the input of the driver gate; 

providing an aggressor induced current waveform to an output of the driver gate; 
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using the current model of the driver gate and the load model to produce a noisy driver 
gate output voltage waveform in response to the input voltage transition and the 
aggressor induced current waveform; and 

using the computational model of the interconnect network to propagate the noisy driver 
gate output voltage waveform to an input of the receiver gate; and 

producing a value representing a difference between delay associated with the simulated 
noiseless transition and delay associated with the simulated noisy transition. 

62. (new) The article of manufacture of claim 61 , 

wherein simulating behavior of the victim net during nominal (noiseless) transition 
further includes, 

using a current model of the receiver gate to produce a receiver gate output waveform 
resulting from the propagated nominal driver gate output waveform; and 

wherein simulating behavior of the victim net during noisy transition further includes, 

using the current model of the receiver gate to produce a receiver gate output waveform 
resulting from the propagated noisy driver gate output waveform. 

63. (new) The article of claim 61, 

wherein simulating behavior of the victim net during nominal (noiseless) transition 
further includes, 

using a current model of the receiver gate to produce a receiver gate output waveform 
resulting from the propagated nominal driver gate output waveform; and 

wherein simulating behavior of the victim net during noisy transition further includes, 

providing an aggressor-induced voltage waveform at an input of the receiver gate; and 

using the current model of the receiver gate to produce a receiver gate output waveform 
resulting from the propagated noisy driver gate output waveform and the aggressor- 
induced voltage waveform at an input of the receiver gate. 

64. (new) The article of manufacture of claim 61 wherein the information structure 
further includes: 
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a model of a load presented by an interconnect network associated with an output of the 
driver model. 

65. (new) The article of manufacture of claim 64, 

wherein the load model approximates output point admittance of the interconnect 
network. 

66. (new) The article of manufacture of claim 64, 
wherein the model of the load includes a H-J^odel. 
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